Introduction
The choice of RF power-station design establishes in large measure the ultimate efficiency in the wavetype accelerator. The initial choice of the RF power station (pulse length, RF drive control, klystron, average power, etc.) for a particular accelerator application represents a costly investment in hardware that is not easily retrofitted. The overall cost of the RF power station is a linear combination of the initial developmental cost, fabrication, and operational cost over the lifetime of each RF power station. Some of the overall costs for an RF power station cannot be projected accurately over the useful life of the device (typically, 20 or more years).
These include technician hourly operation costs, component replacement costs and useful lifetimes, and electrical-energy costs. One example of this uncertainty is the costing of vacuum switch tubes that have seen a four-fold price increase, which is double the inflation rate. As an initial step in developing a reasonable RF power station, it is necessary to compare the purchase price for the two basic types of RF power stations that can meet the specifications set by the particular accelerator application. During the last three months, the RF power stations for two accelerators, PIGMI' and FEL2, have been designed. Both of these operate at 1300 MHz and have a requirement for long-pulse operation and the same peak and average power. However, after evaluation of both the hardtube modulator and pulse-forming network (PFN), a different choice was made for each system.
Discussion
The major specifications for the two RF power stations are shown in Table I The hard-tube modulator design is shown schematically in Fig. 1 and is reflected back to the transformer. As a result, the transformer is pulsed with a voltage of one-half the intrapulse charged voltage, with a pulse length twice the electrical length of the line. The transformer is bifilar wound, so that the klystron heater is at the same potential as the cathode, and the unit is inan oil tank (-1.5-m3). The transformer introduces some additional risetime to the pulse (approximately a microsecond), which is less than a third of the risetime caused by the pulse-forming line. The pulse transformer droop is less than 1% over the 100 ps.
This sag can be corrected by the tuning of the pulse line, and is not a constraint on the pulse shape. The transformer's finite risetime (bandwidth) is useful to the operation of the system. The fast switching of the thyratron introduces high-frequency noise in the primary side of the circuit. The transformer then serves to keep some of the reflections from ringing back through the circuit. The use of a secondary winding on the resonant charging choke has been previously used on the Stanford Linear Accelerator (SLAC) and has the advantage of keeping the D-Quing5 circuit at a few kilovolts, instead of at the high voltage. Resonant charging with diodes has the advantage of not incurring the 50% energy loss of resistive charging.
The components and specifications of the two systems have much in common; however, the process of detailed design has pointed out some significant differences between the modulated anode/hard tube modulator and the pulsed cathode/pulse-forming line. Reliability. The components, with the exception of the klystron (see below), of the pulse-line modulator are much more thoroughly developed and tested at these voltages. The experience of SLAC in testing thyratrons and forcing tube development greatly improved the state of technology. One side benefit is that the only component that showed no increase in cost for the last four years was the thyratron for the PFN.
Maintainability. This only is estimated, but the number of components at high voltage of the pulseforming line is smaller (45 vs 100), and the number of critical components also is fewer. In the case of the pulse-line system, the weakest component is the klystron; in the case of the hard-tube modulator, the weakest component is the switch triode.
Cost. The cost for the two systems is itemized in Table II . The major difference in design cost estimates occurs in the actual hardware cost. Much of the assembly and checkout cost is very similar. Flexibility. This includes all the changes to the operating point that occur in a laboratory environment.
The pulse length control is the only major difference between the two systems and entails a mechanical change in the case of the pulse-forming line.
Conclusions
The initial costs for these circuits is not substantially different, although the pulse-forming-line system is lower in initial cost. Operating costs also favor the pulse-forming line, because of the fewer components, and having all components except the transformer in air. The pulse-forming line was chosen for PIGMI and permits future increase in the peak power output to 30 MW. This could ultimately be very costeffective to the hospital unit. The hard-tube modulator was chosen for the FEL and will allow for greater flexibility in laser development. Acknowledgments
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Klystrons. In both cases, the klystrons are not proven at this pulse length and 7-MW peak-power output. Each klystron has been tested to the greatest extent possible with existing hardware, but neither has worked (or failed) at these parameters.
Size and Weight. Where these are a constraint, the pulse-forming-line system is at an advantage, being approximately 40% smaller and lighter. In large measure, this is because of the more compact design (and support structures) allowed by the operation at primarily 25 to 50 kV, as opposed to most of the hard-tube modulator being at 150 kV.
Efficiency. In large measure, this is set by the klystrons in use--35% vs 38%. The overall modulator efficiencies are not expected to be substantially different.
Areas of Improvement. For both systems the klystron development remains the key issue. The doubling in efficiency for either klystron will substantially impact the long-term system cost. Also, redesigning the gun of either klystron will substantially improve reliability in long-pulse operation.
Extension to Higher Power. The pulse-forming line-type system has the definite advantage here, the relevant klystron having been tested at 30 MW (14.4-ps pulse length). If fewer drivers are needed for the particular accelerator, this can have a dramatic effect on overall system cost and reliability. 2960 
